Introduction
Sialadenitis is the most common pathology affecting the salivary glands. Patients present with swelling of the salivary gland, pain and foul taste in the mouth or xerostomia. The presentation may be acute, chronic or acute on top of chronic. Causes of sialadenitis include acute or chronic infective, obstructive, immunoglobulin G4-related sialadenitis (IgG4-RS), lympho-epithelial, granulomatous and post-treatment sialadenitis. [1] [2] [3] [4] [5] [6] Table 1 shows the causes of sialadenitis and Table 2 shows the imaging appearance of different causes of sialadenitis.
Different imaging modalities are used in the diagnosis of sialadenitis. Selection of imaging modality depends on the suspected cause of sialadenitis. Radiographs are of limited value and can be used in suspected radiolucent stones. It is a cheap method that is associated with radiation exposure. 5, 6 Ultrasound is a cheap, noninvasive imaging modality that is used as the first diagnostic imaging tool in assessment of sialadenitis. It is a tolerable imaging tool, especially for young patients, but this technique is clearly operator dependent. It can detect diffuse and focal lesions and dilated ducts, areas of calcifications and stones within the parotid glands. [4] [5] [6] [7] Sialography delineates the ductal system down to fourth-order branches that help in diagnosis of obstructive salivary disease and demonstrate the extent of salivary involvement in Sjo¨gren's syndrome; however, it is an invasive procedure. [5] [6] [7] Non-enhanced computed tomography (CT) is particularly useful when there is a suspicion of calculi and contrast-enhanced CT is indicated when there is an associated abscess and Sjo¨gren's syndrome. 6, 9 The magnetic resonance (MR) imaging is an expensive and sophisticated technique that is used mainly for assessment of the ductal system of the salivary glands by MR sialogram. Short tau inversion recovery (STIR) increases lesion conspicuity over routine spin-echo images by lowering the high T1-signal intensity. It is an excellent pulse sequence that is used for early detection of sialadenitis. MR sialography depicts the main ductal system and first-and second-order branches. MR sialography is used for diagnosis of stricture, grading of Sjo¨gren's syndrome and follow-up after radiotherapy. Diffusionweighted MR imaging has a role in grading of Sjo¨gren's syndrome and diagnosis of post-radiation sialadenitis. 10, 11 Radionuclide imaging uses 99mTcpertechnetate applied as an objective technique to assess salivary gland function as it measures the degree of radioisotope uptake and excretion for major salivary glands separately; however, it is unavailable and is an expensive procedure. 12 Intially, ultrasound is used for assessment of patients with a unilateral enlarged parotid gland and cross-sectional imaging including CT and MR imaging for patients with bilateral enlarged parotid and submandibular glands. The aim of this article is to review the imaging appearance of sialadenitis.
Acute infective sialadenitis Acute bacterial suppurative sialadenitis
The predisposing factors of acute bacterial suppurative sialadenitis are salivary stasis in patients with severe dehydration (terminally ill, postoperative, neonates). The incidence of acute bacterial suppurative sialadenitis is higher in patients with poor dental hygiene. Staphylococcus aureus is the most common pathogen. However, gram-negative organisms often are seen in neonates and in hospitalized, debilitated patients. It involves the parotid more often than the submandibular glands. Suppurative infections present with an exquisitely painful parotid swelling and purulent discharge from the duct. 13, 14 Early changes on ultrasound include enlarged hypoechoic salivary glands associated with ductal dilatation; abscess results in a relatively anechoic focus with fine and coarse echoes in the late stage. Peri-glandular inflammatory changes and reactive cervical lymphadenopathy are usually present. On CT, the gland is enlarged with diffuse inhomogeneous pattern of contrast enhancement; abscess formation results in a focal area of fluid attenuation with an enhancing rim ( Figure 2 ). MR imaging typically demonstrates asymmetric diffuse enlargement of the parotid glands with high T2-signal intensity that may be associated with a dilated duct on STIR images. The gland shows inhomogeneous enhancement with non-enhanced regions representing the dilated ducts. A parotid abscess appears as a marginally enhanced lesion with characteristic restricted diffusion and low diffusivity of the abscess on the apparent diffusion coefficient (ADC) map. 13, 14 Imaging has an impact on patient management and selection of treatment method of patients with acute bacterial suppurative sialadenitis. Early stages are treated with antibiotics, and patients with abscess require surgical management with drainage of the abscess.
Acute viral sialadenitis
Mumps is the most common viral infection of the salivary glands, presenting with bilateral (90%) or unilateral (10%) swelling of the parotid glands. In 85% of cases, it affects children under the age of 15 years. It can also affect adults-mainly elderly patients. Mumps affects the parotid glands in 90% and the submandibular and sublingual glands may also be involved in 10% of cases. The diagnosis of a viral sialedenitis is usually made clinically, sometimes with the aid of serology. There is bilateral involvement in 90%, although the swelling may not be seen at the same time. [1] [2] [3] [4] [5] 
Chronic sialadenitis Chronic adult sialadenitis
Chronic adult sialadenitis is often associated with episodes of acute inflammation with subsequent glandular destruction. The chronic inflammatory process stimulates alterations in salivary chemistry and enzyme, which leads to sialectasis, ductal ectasia and acinar atrophy accompanied by a lymphocytic infiltrate. This condition occurs more often in the parotid glands. 6 Chronic sialadenitis has a variable imaging depending on the severity and duration of inflammation. The echo-texture is often heterogeneous and hypoechoic because of fibrous scarring with small cystic foci due to minor ductal ectasia. Occasionally, intraglandular microcalcification is visible as an echogenic area with posterior acoustic shadowing. Hallmarks of chronic recurrent sialadenitis are an irregularly enlarged (sausage-shaped) main duct and central ductal dilation tapering to normal peripheral ducts. Diffuse enlargement with or without dystrophic calcifications associated with low-density areas are frequent findings. Fatty infiltration, duct ectasia, and volume loss are features of the late stage 3, 15 (Figure 3 ).
Chronic juvenile recurrent parotitis (CJRP)
CJRP is 10 times more common than adult chronic parotitis and mainly affects children between the ages of 3 and 6 years, with males being more commonly affected. The symptoms peak in the first year of school, and usually begin to subside around the midteens. The cause is still unclear (genetic, congenital duct ectasia, immunological). Painful swelling of one or both parotid glands recurs with acute purulent episodes at varying intervals and, in the later clinical course, painless swelling. 15 Ultrasound demonstrates inhomogeneous texture of parotid glands with multiple minute hypoechoic or anechoic nodules that can represent ductal ectasia, congested parenchyma, or enlarged intraparotid lymph nodes. Very often both glands are affected to a different extent with lymph node enlargement. CT and MR imaging demonstrate nonspecific enlargement of the parotid glands, with heterogeneous density and signal intensity; later, the glands become atrophic. Sialography shows punctate sialectasis with no evidence of obstruction 2, 6, 16 (Figure 4 ).
Conservative treatments of acute episodes include analgesics, antipyretics, massage, sialogogues, and hydration. Intraductal injection therapy can be performed during sialography. Sialoendoscopy has been advocated for the management of those with severe symptoms.
Obstructive sialadenitis Stones
Stones are the most common major salivary gland disease. The classical presentation is an intermittent postprandial salivary gland swelling that gradually subsides over the next two to three hours. Recurrent and chronic obstruction causes stasis, inflammation, and infection, which causes persistent swelling. Eighty percent to 90% of salivary calculi occur in the submandibular gland. Most of the remaining stones occur in the parotid gland. Sublingual stones are uncommon. The exact localization of the stone (intraglandular, extraglandular, or intraductal) is important for treatment planning. 6 The long, tortuous, upward path of the submandibular duct and the thicker, mucoid alkali secretions of the submandibular gland may be the reason for its greater tendency to form calculi. The size of the salivary stones can range from a few millimeters to 40 mm. The stones are often multiple in 13% of patients, and bilateral in 1% of patients. [3] [4] [5] [6] Treatment of patients with sialolithiasis is dependent on the size and location of the stones. Imaging can detect the exact site and size of the stones. Small stones (less than 3 mm) are removed by interventional salivary endoscopy, intermediate stones (3 mm-6 mm) are removed by endoscopy with fragmentation of the stone and large stones (more than 8 mm) are treated by diagnostic sialoendoscopy for stone localization and external or intraoral approaches for assisted removal of the stone. [3] [4] [5] [6] Ultrasound successfully diagnoses the majority of stones. Stones measuring 2 mm or larger are easily detected as echogenic foci, which cast distal acoustic shadows. Stones can also easily be detected with nonenhanced CT, which is the most sensitive technique for detecting stones. Dilatation of the obstructed duct results in a linear hypodense structure that abruptly terminates. The obstructed duct appears bright and dilated on MR sialography and a ''black dot'' represents the underlying stone. The gland may be enlarged with an indistinct margin and may have high-intensity streaks in the periphery of the gland on T2-weighted images [4] [5] [6] 17, 18 (Figure 5 ).
Stricture
Obstructive sialadenitis is the most frequent nonneoplastic cause of salivary gland swelling. Stricture of the salivary ducts is most often caused by a stone and less often by duct stenosis or webs of inflammatory origin. Occasionally, there are foreign bodies or the excretory duct suffers iatrogenic injury, leading to obstructive sialadenitis. Stenosis of the main salivary ducts can be accurately detected with MR sialography with a sensitivity of 100% and a specificity of 93% 18 (Figure 6 ). Management of strictures includes endoscopic balloon dilation, steroid irrigation, and placement of a stent within the parotid duct. Imaging is important to detect the degree and exact location of stenosis of the main and branches of the salivary ducts.
IgG4-RS
IgG4-RS is a systemic disease that is characterized by abundant infiltration of IgG4-positive plasma cells and lymphocytes with associated fibrosis, leading to organ dysfunction. Pathologic conditions such as Mikulicz disease and chronic sclerosing sialadenitis (Ku¨ttner tumor) are now considered to be part of the spectrum of IgG4-related disease. It occurs predominantly in elderly men and is frequently associated with elevated serum IgG4 levels with excellent response to corticosteroid therapy. It is mostly affects the submandibular gland. 19 Cross-sectional imaging of IgG4-RS shows bilateral symmetric enlargement of the submandibular glands. On ultrasound, there is a hypoechoic, rather poorly demarcated mass-like appearance. At CT, the lesions usually demonstrate homogeneous attenuation and enhancement. At MR imaging, the lesions typically demonstrate homogeneous low to intermediate signal intensity on T2-weighted images and low signal intensity on T1-weighted images, with homogeneous enhancement. It may occur unilaterally with areas of calcification that may simulate malignancy. Lymphoma and the acute phase of Sjo¨gren's syndrome should be included in the differential diagnosis 19, 29 (Figure 7 ).
Lymphoepithelial sialadenitis Human immunodeficiency virus (HIV) sialopathy
Parotid enlargement is seen in 5% of HIV-positive patients in the form of persistent lymphadenopathy, benign lymphoepithelial lesions (BLELs) and benign lympho-epithelial cysts (BLECs). 2 Clinically, patients classically present with unilateral or bilateral painless enlarging parotid masses. On imaging, there are bilateral or unilateral cystic, partially cystic and solid parotid lesions. Solid lesions may simulate benign or malignant tumors. In HIV patients, the incidence of malignancy in cystic parotid lesions is about 1%. The incidence in the solid lesions may be as high as 40%. 5, 6, 13 Cervical lymphadenopathy and nasopharyngeal lymphoid enlargement helps to differentiate HIV sialopathy from BLEBs in Sjo¨gren's syndrome 13 (Figure 8 ).
Sjögren's syndrome
Sjo¨gren's syndrome is an autoimmune disorder of the salivary and lacrimal glands that occurs alone (primary) or associated with connective tissue diseases (secondary). It is commonly seen in female patients (90%) in the fourth through sixth decades of life. The parotid glands are affected in the vast majority, whereas isolated submandibular gland enlargement is seen in only 2.5% of patients. Clinically, patients present with symptoms and signs of keratoconjunctivitis sicca, xerostomia, and/or a connective tissue disease, usually rheumatoid arthritis. There is diffuse lymphocytic infiltration leading to destruction of acinar cells. Ducts become blocked by inspissated material resulting in pseudocystic acini formation. In advanced cases, parenchymal destruction and lymphocyte accumulation may result in large cysts with solid mass-like components. [4] [5] [6] Imaging is important for staging of the disease, and to detect associated infection and surveillance for lymphomas as patients with Sjo¨gren's syndrome are at a higher risk (44 times) of developing lymphomas (5%-6% B-cell lymphoma, mucosa-associated lymphoid tissue (MALT)-lymphoma). 1, [19] [20] [21] [22] The imaging appearance of Sjo¨gren's syndrome varies with stage of the disease. In the early phase, the parotid glands may be normal or diffusely enlarged with a normal parenchymal pattern. In the intermediate phase, the salivary glands are diffusely enlarged with multiple, scattered cysts and solid masses. The cysts are typically similar in size, ranging from <1 mm (microcysts) to macrocysts and mixed solid-cystic masses >2 cm with honey-comb or salt and pepper appearance. In the chronic phase, there is atrophy of the glands with low signal intensity (Figure 9 ). Using STIR, Sjo¨gren's syndrome is associated with premature fat deposition in the parotid gland and the degree of fat deposition correlates with loss of secretory function. The ADC value of the parotid glands in Sjo¨gren's syndrome correlates with the salivary flow rate. The ADC value of the parotid is lower in the glands at higher grades. MR sialogram shows punctate, globular, cavitary, or destructive appearance of primary branching ducts of the parotid glands, so it helps in grading of the disease. The sialographic staging of Sjo¨gren's syndrome is stage 1, punctuate contrast collections (<1 mm); stage 2, globular contrast collection (1-2 mm); stage 3, cavitary-contrast collection (>2 mm); and stage 4, destruction of the gland parenchyma. Scintigraphy using Gallium-67 citrate may produce the classic ''panda sign'' due to bilateral increased uptake by lacrimal and parotid glands; mediastinal lymphadenopathy results in the ''lambda'' sign. [4] [5] [6] [7] [21] [22] [23] 
Granulomatous sialadenitis Tuberculous sialadentitis
Tuberculosis is a chronic caseating granuloma caused by Mycobacterium tuberculosis. The disease occurs in adults, most commonly in the second and third decades of life. Seventy percent of tuberculosis affects the parotid glands, 27% the submandibular glands, and only 3% the sublingual glands. The presentation may be acute (similar to pyogenic infections) or chronic (which may mimic tumor or involve the overlying skin with fistula formation). The imaging findings are similar to those in bacterial parotitis, and necrotic nodes or focal abscesses within the gland (Figure 10) . Enlarged intraparotid and peri-parotid lymph nodes are also reported. Calcification may be present within the gland or the affected nodes. Atypical mycobacterial infection of the parotid gland tends to represent extension from cervical adenitis and is radiologically indistinguishable from tuberculosis. 24, 25 Cat scratch disease Cat scratch disease is a chronic granulomatous disease commonly seen in children and young adults. The causative agent is a rickettsia-like micro-organism called Bartonella henselae. Only one-third of patients have high fever. The disease is self-limited with a duration of two to four months. The disease may involve intra-parotid lymph nodes and may mimic a salivary gland tumor. Early, the intraparotid lymph nodes appear as a sharply marginated oval mass. Later, lymph node abscesses are typically seen as confluent nodes with poorly defined borders simulating tuberculous sialadenitis. 26 
Actinomycosis
Actinomycosis is an indolent chronic infection caused by Actinomyces Israelii that usually arises in the oral cavity of patients with poor dentition. The disease invades the parotid glands from a focus usually in the mandible. Rarely, the disease can spread to the parotid glands in a retrograde manner from the mouth. Actinomycosis has a predilection for male patients with a male-to-female ratio of 3:1 to 4:1. The lesion has an ill-defined margin with surrounding soft tissue inflammatory reaction that extends into the skin. The presence of infected soft tissue fistula/sinus and gas within the lesion, masticator space infection and cervical lymphadenopathy in and around the parotid gland suggest diagnosis of actinomycosis. 24, 27 Sarcoidosis Sarcoidosis is a rare multisystem chronic granulomatous disease of unknown origin characterized by non-caseating granuloma affecting multiple systems. This disorder is reported in patients at the second through fourth decade of life. It is 10-20 times more common in black than in white people. The diagnosis is based on elevated levels of angiotensin-converting enzyme. The parotid glands are involved in 10%-30% of patients with sarcoidosis, most often bilaterally (83%). There is non-tender parotid gland enlargement, which can be nodular. On imaging, multiple, benign-appearing non-cavitating masses with a foamy appearance are seen in both parotid glands that often are associated with cervical adenopathy (Figure 11 ). Heerfordt syndrome is defined as a triad of uveitis, facial nerve palsy and parotid enlargement in patients with sarcoidosis. 24, 28 Amyloidosis Amyloidosis is a granulomatous disease characterized by idiopathic extracellular accumulation of amyloid in tissues. Amyloidosis is classified as systemic (81%) or localized (19%) amyloidosis, with the former being neoplastic and fatal and the latter being a benign and mild form. There is infiltration and replacement of the functional cells of the salivary glands with amyloidogenous stroma, which causes xerostomia. On imaging, the parotid amyloid deposits appear as well-defined, soft tissue masses, with mild contrast enhancement and variable degree of calcification. 24, 29 Granulomatosis with polyangiitis Granulomatosis with polyangiitis, formerly Wegener's granulomatosis, is anti-cytoplasmic autoantibodies (ANCA)-associated vasculitides characterized by a triad of necrotizing granuloma of the upper and lower respiratory tract, necrotizing vasculitis and glomerulonephritis. The peak incidence of the disorder is the fifth decade of life and men are affected twice as often as women. Sialadenitis may constitute the initial presentation of granulomatosis with polyangiitis, although it is a relatively rare manifestation. The submandibular or parotid glands on one or both sides may become enlarged. Salivary gland involvement typically occurs early in the course of the disease and may be seen in limited forms of the disease. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Scleroma Scleroma is a chronic granulomatous disease affecting the upper respiratory airway. The causative organism is Klebsiella rhinosclermatis, which is gram-negative bacteria. Scleroma usually begins at the nose and may progress to involve the larynx, pharynx or other regions of the neck such as the parotid glands. It is commonly seen in the second through fourth decade of life. 32, 33 Imaging shows diffuse enlargement of the parotid gland or as a focal lesion in the salivary gland simulating other parotid tumors.
Post-treatment sialadenitis

Radiation-induced sialadenitis
Radiation-induced sialadenitis occurs during radiotherapy for the oral cavity or pharyngeal tumors. The parotid gland is more severely affected by radiation than the submandibular glands. Radiotherapy initially results in xerostomia, but salivary flow rates partially recover after six to 12 months because of hyperplasia of the surviving acini. 1, 3, 5 Ultrasound of radiationinduced sialadenitis shows features of acute or chronic sialadenitis depending on the time elapsed following radiotherapy. CT shows decrease volume and increase attenuation values of the parotid glands. On MR imaging, the parotid glands are smaller and of lower signal intensity on all sequences that show intense contrast enhancement. The ADCs of radiation-induced sialadenitis decrease significantly after radiotherapy. 34, 35 Radioactive iodine (RAI)-induced sialadenitis RAI-induced sialadenitis occurs in 20%-67% of thyroid cancer patients who have received RAI therapy to ablate remnant thyroid tissues after thyroidectomy. RAI accumulates 30-40 times more in the salivary gland than in plasma. RAI accumulates in the submandibular glands through the sodium-iodide symporter, and damages ductal epithelium and vascular endothelium in the submandibular glands. Patients with RAI-induced sialadenitis present with swelling and pain in the salivary glands and dryness of the mouth. 1, 3, 5 There is reduction in the volume of the parotid and submandibular glands and increase in attenuation of the parotid gland on non-enhanced CT scan. 36 MR sialography in RAI-induced sialadenitis depicts reduced duct visualization, sialectasis, gland volume reduction, and main duct stenosis. Qualitative and quantitative salivary gland scintigraphy are used for assessment and follow-up of salivary gland dysfunction after RAI. 37
Anesthesia (surgical)-induced sialadenitis
Anesthesia-induced parotitis reported in 0.02%-0.04% after surgery with peak incidence of between postoperative days 5 and 7. Straining, coughing, and sneezing of the patient, during a difficult anesthetic procedure or post-anesthetic period, serve to increase positive pressure in the oral cavity. On CT, there is mild enhancement of the parotid and submandibular glands on the affected side. 38 
Others lesions
Sialadenosis Sialadenosis (sialosis) is defined as an asymptomatic, non-inflammatory, non-neoplastic salivary disorder characterized by persistent painless bilateral swelling of the salivary glands, most commonly involving the parotid glands. There is no sex predilection, and the peak age incidence is the third through seventh decades of life. Sialosis most commonly reported in alcoholics, diabetics and the malnourished patients. [2] [3] [4] [5] Ultrasound demonstrates a diffuse homogeneous, enlargement of the salivary glands with no focal lesions. CT and MR findings shows bilateral symmetrically enlarged salivary glands with increased density (acinar hypertrophy, fibrosis) or decreased density (fatty infiltration) and corresponding signal changes on MR. 4, 5 
Pneumoparotitis
Pneumoparotitis is a rare disease that occurs through air insufflation into the excretory duct of the parotid gland (up to 150 mm Hg). There is a painful recurrent unilateral or bilateral swelling of the parotid glands. This disorder is most commonly seen in glassblowers and brass instrumentalists and can also occur in children through strong nose-blowing or blowing up balloons or playing wind instruments. On CT, the air inclusions are seen in the salivary duct, the gland, and, occasionally, in the surroundings. 1, 3 
Necrotizing sialometaplasia
Necrotizing sialometaplasia is a spontaneously resolving inflammatory disease often found in the minor salivary gland and seldom observed in major salivary glands. Although the pathogenesis of lesions is thought to be owing to ischemic changes in the salivary glands arising from causes such as traumatic injury and medical procedures, the precise etiology has not been fully elucidated. Histologically, necrotizing sialometaplasia is characterized by acinar necrosis in early lesions with concomitant squamous metaplasia of the salivary ducts at the late stages. At imaging, it appears as a focal mass that mimics malignant tumors. 39 
Subacute necrotizing sialadenitis
Subacute necrotizing sialadenitis is a self-limiting, inflammatory condition of the minor salivary glands of unknown etiology. The lesion typically presents as a localized, palatal swelling with abrupt onset of pain. The etiology of subacute necrotizing sialadenitis is unknown, but traumatic, infectious, and allergic etiologies have been suggested. It appears as a mass in the hard palate or may be in the floor of the mouth that may simulate malignancy. 40 Advanced MR imaging sequences such as diffusion-weighted MR imaging, dynamic susceptibility perfusion-weighted MR imaging and MR spectroscopy help to differentiate these lesions from malignancy. 41, 42 Conclusion Different imaging modalities are important for diagnosis of different causes of sialadenitis. Correlation of the imaging findings at different imaging modalities with the clinical presentation and laboratory tests helps to establish the specific cause of sialadenitis and helps the clinician to select the best method of treatment.
